Hyperlipidemias are disorders of lipoprotein metabolism characterized by an increase in 41 serum total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), or 42 triglycerides (TG). These disorders, both primary (monogenic and polygenic inherited 43 forms) and secondary (related to other diseases) forms, are considered a major cause of 44 atherosclerosis and cardiovascular disease (CVD) (Newman et al. 1986; Ahmed et al. 45 1998; Groner et al. 2006; Haney et al. 2007) . 46
The atherosclerotic process begins early in life, thus children and adolescents 47 affected by primary hyperlipidemia show a particularly high risk to develop CVD later 48 in life (Durrington 2003) , which is mainly secondary to chronic exposure to elevated 49 LDL-C, accumulating in the intima-media of large muscular arteries (Durrington 2003; 50 McGill et al. 2000) . Healthy lifestyle, which includes appropriate dietary pattern in 51 agreement with the expert panel guidelines for CV health and risk reduction in children 52 and adolescents (Expert panel …, 2011) , physical activity and weight loss in case of 53 excessive body weight, is the cornerstone in the treatment of hyperlipidemia and 54
represents an important target for CVD prevention (Haney et al. 2007; Catapano et al. 55 2011) . It has been suggested that the lipid composition of RBC membranes can be 56 considered as an additional risk factor in the progression of atherosclerosis and coronary 57 heart disease (Lausada et al. 2007; Tziakas et al. 2010) . The fatty acid (FA) composition 58 of red blood cells (RBCs) generally reflects the last three months of dietary fat intake, 59
and it is thought to be a biomarker of the tissue fatty acid status (Sarkkinen et al. 1994 ; 60 F o r P e e r R e v i e w O n l y composition is postulated to better and earlier reflect the pathology of lipid metabolism, 66 in respect to lipoprotein changes in blood serum, which are affected by recent food 67 consumption (Sarkkinen et al. 1994; Harris & Von Schacky 2004; Novgorodtseva et al. 68 2011) . 69
Studies conducted in adults found a correlation between altered FA composition in 70
RBCs and coronary heart disease, arterial hypertension, dyslipidemia and other 71 atherosclerosis-related diseases (Engelmann et al. 1992; Taylor 1994; Antoku et al. 72 2000; Lausada et al. 2007; Vayá et al. 2009; Ristic-Medic et al. 2009; Tziakas et al. 73 2010; Novgorodtseva et al. 2011; Jacobs et al. 2014) . Harris & Von Schacky (2004) 74 demonstrated that a low content of eicosapentaenoic (EPA) and docosahexaenoic 75 (DHA) acids in the RBC membranes is strongly associated with coronary hearth 76 diseases. The total levels of EPA and DHA in RBCs, defined as omega-3 index, was 77 suggested as an additional biomarker of CV risk, and a predictive parameter for 78 morbidity and mortality from CVD (Harris & Von Schacky 2004) . Since most of this 79 class of compounds is contained in cell membranes, the index has been also calculated 80 on RBC phospholipids and other cell types; moreover, comparison with data obtained in 81 plasma has been performed (Harris & Thomas 2010; Rice et al. 2016 All subjects enrolled underwent a medical examination in the morning between 8 and 125 10 a.m. on the day of recruitment. Physical parameters including height, weight and 126 blood pressure were measured. Height and weight were measured to the nearest 0.1 cm 127 and 0.1 kg respectively (Wunder SA.BI. S.r.l. Italy), with the patients wearing hospital 128 gowns and had bare feet. BMI was calculated as body weight in kilograms divided by 129 height squared in meters (kg/m 2 ). Systolic and diastolic blood pressure was measured 130 with a mercury sphygmomanometer during the medical examination. Fasting blood 131 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Tables (Carnovale & Marletta 2000) . 145
The study protocol complied with the principles of the Declaration of Helsinki, and 146 was approved by the ethics committee of the City of Health and Science University 147
Hospital of Turin (EC:CS377). The protocol and the purpose of the study were carefully 148 explained to the participants and to their parents; a written informed consent was 149 obtained from children's parents before enrolment in the study. 150
151

Blood sample collection and separation 152
Venous blood samples of 2.5 ml were drawn into vacutainer tubes containing lithium 153 heparin (to obtain plasma and RBCs) or silicon (to obtain serum). Plasma and serum 154 were separated by centrifugation at 1400 g for 15 min at 4°C. Plasma was stored at -155 80°C for further analysis, while serum was immediately analysed. The buffy layer of 156 white blood cells was removed using a pipette, and RBCs were washed twice in an1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Extraction of RBC phospholipids was performed in accordance to the method 167 previously described by Simonetti et al. (2002) . Briefly, 1 ml of distilled water, 300 mg 168 of RBC, 2.5 ml of butylated hydroxitoluene (110 µg/ml in methanol), and 5 ml of 169 chloroform were transferred into 10 ml plastic tubes. The mixtures were shaken on 170 vortex for 3 min and centrifuged at 1200 g x for 10 min. The chloroform phase was 171 transferred into 10 ml plastic tubes. An aliquot of 2.5 ml chloroform was added to the 172 tubes containing RBCs to perform the second extraction by vortexing for 3 min, and, 173 after centrifugation at 1200 g x for 10 min, the supernatant was transferred into the 174 corresponding tube. The chloroform phase was eluted on a silica cartridge (Sep-Pack 175 PlusSilica, Waters), which was then evaporated under nitrogen steam. The silica phase 176 was transferred into Pyrex glass tubes, and 2.5 ml of a toluene/methanol (1:4 v/v) 177 mixture and 200 µl of acetyl chloride were added. After 1 h in an oven at 100°C, 5 ml 178 of K 2 CO 3 (6% w/v in water) was added to the silica. After centrifugation at 1200 g x 10 179 min, the supernatant was transferred into amber glass vials, dried under nitrogen and 180 resuspended in 100 µl of hexane before gas chromatography analysis. 181
The gas chromatography analysis was performed as described by Ackman (1986) Kendall and Spearman rank, non-parametric correlation tests. This approach was used 199 to achieve the significance level and the trend (direct or inverse) of the data correlation. 200
The level of statistical significance was set at p<0.05; data are presented as a mean and 201 standard deviation (SD). 202
203
Results
204
Subjects characteristics 205
The main features of the study sample are summarized in Correlations between serum lipid levels and RBC phospholipid composition are 229 reported in Table 3 . Lower RBC MUFA levels correlated with higher serum TC levels 230 (p= 0.032) and HDL/TG ratio (p= 0.025), but lower serum TG levels (p= 0.005). A 231 positive correlation between serum HDL-C and PUFA n-6 levels (p= 0.048) was also 232
detected. 233 234
Food diary analysis and correlation between dietary factors, RBC phospholipid 235
FAs and serum lipid profile 236
Complete and detailed weekly food diaries were obtained from 23 (7 F) out of 54 237 Results showed a mean daily total energy intake of 1208 ± 151 kcal suggesting a 239 possible overall underestimation of food intake (e.g. in terms of portion size declared). 240
Macronutrients distribution, expressed as percentage of daily energy intake, was: 16.7 ± 241 2.8% protein, 58.6 ± 6.1% carbohydrate and 24.7 ± 6.4% fat (saturated: 7.4 ± 2.1 %, 242 monounsaturated: 10.3 ± 4.8 %, polyunsaturated: 2.6 ± 0.5 %). Estimated cholesterol 243 intake was 136.2 ± 47.2 mg/day, while fibre intake was 14.0 ± 5.3 g/day, confirming 244 previous data (Guardamagna et al. 2013; Guardamagna et al. 2014) . Correlations 245 between dietary factors, the RBC phospholipid composition and serum lipid profile are 246 reported in Table 4 . An inverse association was found between the dietary intake of 247 cholesterol and n-6 PUFA and n-6 LC-PUFA levels in RBC phospholipids (p= 0.001 248 and 0.017, respectively). The fibre intake was directly associated with RBC 249 MUFA/SFA ratio (p= 0.035). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The omega-3 index may represent a novel, physiologically relevant and graded risk 289 factor to predict CVD development, thus having a significant clinical utility. A low 290 index (≤4%) was associated with a high risk of mortality for CVD and a value ≥8% was 291 suggested as a reasonable preliminary target for reducing the risk (Harris & Von 292 Schacky 2004; Von Schacky 2010). In the pediatric population, only one other study 293 examined the omega-3 index and concluded that a greater proportion of obese children 294 had a lower index compared with non-obese children (Burrows et al. 2011 ). In our 295 study, we documented mean omega-3 index <4% in hyperlipidemic children, a factor 296 that contribute to classify them as at future high risk for CVD. Since EPA and DHA 297 derive from essential fatty acids, these results suggest that there is a reduced synthesis 298 or patients did not regularly consume LC-PUFA rich food sources. In this regard, the 299 use of whole dietary strategies and/or specific supplementations (e.g. with PUFA, 300 MUFA or other food bioactives) could be fundamental to improve this index above all 301 in at risk subjects such as hyperlipidemic children. 302
The present analysis on sex-related differences showed that females had a 303 significantly greater proportion of the SFA stearic acid, and lower proportion of n-6 304 PUFA, in particular DGLA. Lower DGLA values were also observed in serum 305 glycerophospholipids of healthy young girls when compared with boys (Glaser et al. have been reported in children (Marelli et al., 2010; Krishnan et al., 2012) . In this 317 context, our preliminary findings on sex differences in the pediatric population, 318 associated with higher risk of future coronary diseases, in terms of lipid profile and 319 CVD risks, could be considered by future studies in this field. 320
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